Meadows of the seagrass Cymodocea nodosa (legislated as an endangered species) are the dominant vegetated communities in shallow soft bottoms throughout the Canary Islands (central east Atlantic Ocean). We provide baseline ecological information for this key species for the whole Canarian Archipelago by describing the spatial distribution patterns of structural parameters (percent coverage and shoot density) at different hierarchical spatial scales (from tens of meters to hundreds of kilometers). The coverage values varied between 42.5 and 100% (mean"SEs76.7"2.5%, Ns80) and the mean shoot density per location ranged between 164 and 710 shoots m -2 (mean"SEs403.6"17.0 shoots m -2 , Ns160). We observed a strong variability at small-to mediumspatial scales (locations within islands separated by tens of kilometres and sites hundreds of meters apart within locations) in contrast to a lack of inter-island variability. Additionally, the structural parameters respond differentially to different sets of ecological and physical processes operating at these scales.
Introduction
The importance of seagrass meadows in coastal marine environments is related chiefly to their worldwide contribution to ocean productivity westimated at 12% of the total net production (Duarte and Cebriá n 1996) x. Seagrasses perform several important ecological and physical functions (see Hemminga and Duarte 2000, Short et al. 2001 for reviews), such as: (1) aiding sediment stability, (2) in situ generation of detritus, (3) providing a net source of nutrients, (4) increasing the heterogeneity of the seascape, and therefore the diversity and abundance of species, and (5) channelling primary production to high trophic levels. Consequently, seagrass meadows are considered one of the most valuable ecosystems in terms of the value-added benefits of the functions they provide (Duarte and Cebriá n 1996 , Short and WyllieEcheverria 1996 , Hemminga and Duarte 2000 .
However, recently published reports point to an increase in the stress and decline of seagrass meadows, especially in areas of intense human disturbances Wyllie-Echeverria 1996, Short et al. 2001) , such as large urban and industrial coastal zones West 1983, Shepherd et al. 1989) . Documenting changes in seagrass patterns is therefore a priority in the assessment of nearshore ecosystem health (Dennison et al. 1993) . Descriptors of the spatial structure of seagrass meadows are excellent indicators for determining degree of development, quality and state of health, as well as a way for assessing the effects of disturbances and impacts from various sources (West 1990 , Garcia-Charton et al. 1993 , Marcos-Diego et al. 2000 , Ruiz 2000 , 2001 .
Marine assemblages respond to changes in the environmental conditions of the coastal ocean with spatiotemporal fluctuations operating at various scales of observation. A major goal in ecology is to understand the ecological nature of the natural and/or anthropogenic processes involved in this variability. In this sense, hierarchically structured sampling designs provide a means of partitioning and quantifying the magnitude of variation at different scales (Underwood 1997, Kingsford and Battershill 1998) .
Meadows of the seagrass Cymodocea nodosa (Ucria) Ascherson are the dominant vegetated communities in shallow soft substrates throughout the Canary Islands (central east Atlantic Ocean). These meadows are generally located along the eastern and southern coasts of the islands, forming extensive subtidal meadows (Reyes et al. 1995a , Pavó n-Salas et al. 2000 . In some locations, Cymodocea nodosa meadows are mixed with species of the green alga Caulerpa (Pavó n- Salas et al. 2000) . Seagrass meadows are considered as a habitat in decline throughout the Canarian coastal areas, and hence Cymodocea nodosa is legislated as an endangered species (Decreto 151/2001, de 23 de Julio, Catá logo de Especies Amenazadas de Canarias). However, there are only few studies on the spatial structure of this species at several locations of the Canarian Archipelago (Reyes et al. 1995a,b, Reyes and Sansó n 1997 at El Medano, Tenerife island; and Tuya et al. 2002 at Playa Blanca, Lanzarote island). Hence, the general aim of our study was to describe the spatial variability of structural descriptors of Cymodocea nodosa seagrass meadows through a multiscaled perspective to provide baseline information datasets for management and conservation proposals throughout coastal areas of the Canary Islands. 
Materials and methods
We selected non-destructive sampling techniques to assess the following structural descriptors of seagrass meadows: (1) coverage (%) and (2) ). Both were estimated according to standardized procedures (Panayotidis et al. 1981 , Romero 1985 , Larkum et al. 1989 , Hemminga and Duarte 2000 , Short et al. 2001 .
Coverage was sampled with 1 cm=25 m flexible line transects. Surface distance under the transect covered by the seagrass Cymodocea nodosa and different algal species was measured to the nearest cm and percent cover calculated. Two random points were chosen within living seagrass patches along transects to estimate in situ by means of 25=25 cm quadrats (ns8) the number of Cymodocea nodosa shoots.
A hierarchical (nested) sampling design was chosen to estimate the variation of seagrass meadows descriptors at different spatial scales, from tens of meters among replicate transects to hundreds of kilometres among islands (Underwood 1997, Kingsford and Battershill 1998) . Our sampling design incorporated the five islands where seagrass meadows have been observed among the Canary Islands (Tenerife, Gran Canaria, Fuerteventura, Lanzarote and Chinijo Archipelago; Pavó n-Salas et al. 2000; Figure 1 ). Two locations, separated by tens of kilometres, and inhabited by shallow seagrass stands on soft bottoms (12-18 m deep) were randomly selected at each of the five islands. Two sites, separated by hundreds of meters, were additionally sampled within each location. Finally, four 25 m-long transects situated tens of meters apart within each site were haphazardly deployed. Seasonality was not incorporated in the model as sampling was carried out from February to March 2003.
Nested ANOVA models were used to test the null hypothesis that the structural descriptors of meadows were similar across islands, locations within islands, and sites within locations. The model therefore considered three factors: (1) ''islands'' (fixed factor with five levels), (2) ''locations'' (random factor nested within islands with two levels) and (3) ''sites'' (random factor nested within locations and islands, with two levels: sites A and B). Before analysis, Cochran's test was used to check for homogeneity of variances. Since no transformation rendered homogeneous variances, the significant level was set at the 0.01 level instead of 0.05, as ANOVA is robust to heterogeneity of variances, particularly for large balanced experiments (Underwood 1997) .
Results
The two selected structural parameters of the seagrass Cymodocea nodosa responded differently to the three spatial scales considered by our sampling design. The mean coverage overall was 76.7"2.5% (Table 1, Figure  2 ). The coverage of Cymodocea nodosa was relatively homogeneous for the greatest spatial scale considered by our study: islands across the Canarian Archipelago, with no statistical differences among them (Table 2) . On the other hand, our model detected statistical differences between surveyed locations (smeadows) within islands ( Figure 2, Table 2 ). At the level of sites, statistical differences were also not found (Table 2) . Three locations (GC1, Gando; GC2, Maspalomas; and TF1, Las Amé ricas) displayed a large coverage of the green alga Caulerpa prolifera. In addition, Caulerpa racemosa was recorded with a percent coverage )1.0 at LZ1 (Playa Blanca) and LZ2 (Playa Quemada) ( Table 1) .
Shoot density of Cymodocea nodosa seagrass meadows was also similar among islands (Table 2, Figure 2 ). Mean shoot density was 403.6"17.0 shoots m -2 (Table 1 ) over all samples, ranging between 164 to 710 shoots m -2 (Table 1) . Locations and sites showed statistical differences (Table 2) , which therefore reflect a clear heterogeneity in this parameter within each island (Table 1) . 
Discussion
Hierarchical sampling designs are a first step in understanding different sources of processes that affect natural systems. Each source of spatial variation may thus represent a set of ecological processes. The spatial variability of Cymodocea nodosa seagrass systems throughout the Canarian Archipelago is important at scales ranging from hundreds of meters to tens of kilometres within islands, in contrast to a lack of variability among surveyed islands (hundreds of kilometres). This suggests that spatial variability associated with mesoscale oceanographic processes does not play a significant role in structuring the meadows. Diverse factors can control the complexity and structure of Cymodocea nodosa seagrass meadows within islands at scales ranging from hundreds of meters to tens of kilometres. The structure of seagrass meadows is a function of the interplay between (1) environmental factors (e.g., light and nutrient availability, sediment characteristics, water turbulence) (Fonseca et al. 1983 , Pé rez and Romero 1992 , Terrados and Ros 1992 , Schanz and Asmus 2003 , (2) biotic interactions (e.g., competition, grazing, presence of epiphytes) (Williams 1987) and (3) species-specific life history characteristics (e.g. physiology, etc.) (Tomasko 1992) .
The shoot densities we recorded are of the same order of magnitude as those observed by other works across the Canary Islands (Reyes et al. 1995 , Tuya et al. 2002 . However, the range of variation (164-710 shoots m There were no differences in cover between sites, which might be a consequence of the low number of replicates within sites for this parameter (ns4) in contrast to the number of replicates for density (ns8). Consequently, the power to reject the null hypothesis through the ANOVAs is different for both parameters.
The fact that shoot density is lower than those found by other studies is likely attributable to seasonality, as our sampling was carried out only in winter. Nevertheless, the meadows are in regions of considerable human disturbance, and it is known that perturbations influence the structure and dynamics of this community (Tuya et al. 2002) . Anthropogenic disturbance is often related to proliferation of Caulerpa species. This proliferation in disturbed sites may negatively affect Cymodocea nodosa density (Ceccherelli and Campo 2002) . However, further surveys and an experimental approach are needed to test this proposition (Dethier 1984 , Agawin et al. 1996 .
Seagrass meadows such as those in the Canary Islands play an important role in the provision of habitat for faunal assemblages and, consequently, in the availability of trophic resources in littoral areas (Sá nchezJerez et al. 1999 , Guidetti and Bussotti 2000 , Boströ m and Bonsdorff 2000 , Barberá et al. 2002 . Degradation of the meadows could negatively affect the whole Canarian coastal ecosystem. Our study has shown that the parameters that describe the structure of seagrass meadows respond differently to different sets of ecological and physical processes. Hence, impact assessment studies should include in their sampling procedures the measurement of a wide set of structural parameters, as an effective way to detect possible impacts at different spatial scales on this valuable environment.
